IT IS generally agreed that simple myopia and degenerative myopia are separate conditions, the former being a normal chance variant in the biological series which includes emmetropia and hypermetropia (Duke-Elder, 1949 ) and the latter a pathological condition. Degenerative myopia in its advanced stage consists of an association of defects: a highly myopic refraction, chorio-retinal degeneration and atrophy, thinning of the posterior sclera, and an increased axial length of the eye. Additional defects, such as cupuliform cataract, glaucoma, and retinal detachment, are relatively common in patients with degenerative myopia, and a hereditary element is often present. In the investigation here reported the function of eyes with degenerative myopia has been studied using electroretinography and electro-oculography.
mean, and was frequently about or below the normal lower limit. In those cases in which myopic degeneration was obvious, very low light rises occurred.
Material and Methods
Subjects.-35 patients with degenerative myopia were referred from the Myopia Clinic7of Moorfields Eye Hospital to the Electrodiagnostic Clinic at the Institute of Ophthalmology for assessment of retinal function. Four of these patients had uniocular myopia. All had undergone a comprehensive ophthalmological examination before referral, and were graded clinically into three types according to the degree of chorio-retinal degeneration.
Electro-oculograms were performed on all the patients in this series, and electroretinograms were performed on those patients who were not too young or too nervous for this test to be carried out. Dark adaptation was measured on the majority of the patients in this series.
Electro-oculogram (EOG).-The apparatus and procedure used for recording the EOGs are those described previously by Arden and co-workers (Arden and Kelsey, 1962, a, b; Arden and others, 1962; Arden and Barrada, 1962) .
The ratio dgar Ptg x 100 was calculated for each subject. In a recent calculation of normal dark trough values for the EOG (47 subjects aged from 10 to 80 years), the mean EOG ratio was found to be 238 per cent. (S.E. + 3 7), but as there is a negative correlation with age the extreme limits of normal are 290 and 180 per cent. These values of the resting potential are not measured in absolute units because of the error introduced by the position of the electrodes, an error apparent even on measuring the ratio in the two eyes of the same individual. Arbitrary units are therefore used and these are calculated by measuring the ratio of the size of the recording in mm. in the dark trough as compared with the light peak.
Electroretinogram (ERG).-A Karpe scleral contact lens was used. The recordings were produced on a Mingograph Ink-Spraying Polygraph machine at a paper speed of 5 cm./sec. and at a time constant of 2 sec. Top cuts were used as desired. The usual upper frequency was 120 c/s.
The stimulating light was a tungsten filament lamp (250v, 150w) housed in a modified camera, with a hand-operated shutter to produce single square pulses of light. The single camera lens magnified the filament image to give an intense stimulus covering the whole pupil. The subject's pupil was dilated with homatropine and cocaine 2 per cent. Neutral density filters inserted over the camera lens allowed the stimulating light intensity to be reduced in log unit steps. Under conditions of maximal intensity the ERG produced in the normal eye is large, with a well-defined a wave and a sharp b wave. Rod activity, however, is not suppressed as the growth and rounding of the b wave is seen during dark adaptation. Several ERG recordings were made under conditions of normal room lighting and then the patient was dark-adapted. The b wave reaches its maximum amplitude after approximately 20 minutes of dark adaptation. The average dark-adapted ERG for a normal subject has an a wave of 100-200 ,uV in amplitude, and a b wave of between 400 and 500 isV.
Dark Adaptation.-This was measured on a Goldman-Weekers dark adaptometer. The standard 70 area at 110 eccentricity was used.
Clinical Evaluation.-The degree of myopic degeneration was graded independently by two of us (R.K.B., B.J.) judged on the degree and area of atrophy of the posterior fundus as seen clinically and with fundus photographs.
Results
Electro-oculography.-The frequency distribution histogram of the EOG ratios from patients with degenerative myopia compared with the distribution for subjects with normal eyes is given in Fig. 1 In calculating the statistics, data from the two eyes of patients with bilateral degenerative myopia have been used as independent readings. This is because the differences in refractive error and degree of chorio-retinal degeneration between the two eyes were often great enough to warrant treating the two eyes independently.
The distribution of the EOG ratios for myopic eyes plotted against age is given in Fig. 2 . Although some of the results fall near the lower limit for normal eyes, the group.bmj.com on June 22, 2017 -Published by http://bjo.bmj.com/ Downloaded from majority of the results are below the lower limit of normal. There is a correlation between the EOG ratios for normal eyes with age, and the regression line for this lies along the average normal line (R = -036 for 45 d.f.; b = -042). Similarly, the myopic eyes show a decrease of the EOG ratio with age, and the regression line is indicated in Fig. 2 (R = -0335 for 52 d.f.; b = -0-5166).
A t test performed on the results of the EOG ratios of patients with degenerative myopia and subjects with normal eyes shows a significant difference between the two groups (t = 4-2; P < 0-001 for 99 d.f.).
Further analysis of the EOG results for myopic eyes reveals the following:
(1) Sex Differences in the EOG Ratios.-There is no significant difference between the EOG ratios for men and for women among patients with degenerative myopia (Table I) . (2) EOG Ratios and Refractive Error.-There is no relationship between the EOG ratio and the degree of refractive error (Fig. 3 ). (Table II, opposite) . S.E. ± 3 0 ± 9-2 (4) EOG Ratios and Colour ofIris.-Patients with degenerative myopia were divided into two groups depending on whether they had heavily pigmented irides (hazel to brown) or lightly pigmented irides (blue, green, and grey). The results are presented in Table III and a t test performed on these two groups reveals a significant difference between them. (5) EOG Ratios related to ERG Results.-A large proportion of patients with degenerative myopia gave abnormal ERGs (see below) and the EOG ratios of this group were compared with the group that had normal ERGs. There was no significant difference between the two groups (see Table IV ). A direct correlation between the EOG ratio and amplitude of the b wave proved to be insignificant, as also did a correlation between EOG and a wave amplitude.
EOG ratio/b wave amplitude R = 0078
EOG ratio/a wave amplitude R = 029 Significance between Means t = 9 3 P = <0-001 (7) EOG Ratios related to Degree of Degenerative Fundus Clhange.-The fundus changes in patients with degenerative myopia were classified clinically as early, moderate, or advanced, depending upon the degree of disturbance of the pigment epithelium of the retina or of chorio-retinal atrophy. The EOG ratios of the patients in these groups showed a significantly decreasing value with increasing extent of degenerative changed (Table VI) , which indicates that the EOG ratio is related to the degree of degenerative change in the fundus. Electroretinography.-ERGs were performed on all patients over the age of 10 years. The amplitudes of the a and b waves-of the fully dark-adapted ERG, and the rate of growth of the b wave during the course of dark adaptation, were measured in all patients.
The frequency distributions of the a and b waves of the scotopic ERG of normal subjects is given in Fig. 4 (opposite) . The distribution of the b wave is more skewed than that of the a wave, but there is good correlation between the two (R = 0419). The following average values have been calculated from a group of 25 normal subjects:
Mean a wave 176 yuV; S.D. 73 ,uV; S.E. + 14-6 Mean b wave 448 ,uV; S.D. 134 IV; S.E. ± 27
Because of this variance, and in view of the correlation between the a and b waves, we consider it more valuable to define the normal ERG waveform, for our conditions These values are significantly different from the normal values (see Table VII and compare Fig. 6 with Fig. 4) . It is interesting to note that the reduced b wave in the myopic eye is particularly apparent when the recordings of ERGs under conditions of reduced light stimulus intensity (2 log units) are compared with the normal. (Fig. 4) .
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There is also a positive correlation (R 0 67) between the amplitudes of the a and b waves in the myopic patients which suggests that the a wave and b wave are equally affected. The regression line calculated from this data is shown (opposite) in Fig. 7 (b = 0-5586 A characteristic feature of eyes with degenerative myopia is that areas of normal retina and choroid, areas of partial degeneration, and areas of complete chorioretinal atrophy may be found in the same eye in varying proportions. This accounts for the difficulty in the clinical grading of degenerative myopia and stands in contrast to the electrical findings which represent the activity of the whole eye. It is known group.bmj.com on June 22, 2017 -Published by http://bjo.bmj.com/ Downloaded from that the early histological changes in degenerative myopia consist of a general thinning of the choroid and changes in the region of the retinal pigment epithelium (Blach, 1965) . The degenerative changes affect the outer layers of the retina earlier than the inner layers.
An important finding of this investigation is that the EOG values of patients with degenerative myopia are subnormal. This difference between the normal and myopic eye is particularly well demonstrated in uniocular myopia. Although the EOG ratio of the myopic eye was not necessarily below the lower limit of normal, the difference between the normal and the myopic eye was of the order of 20 points, and this suggests a difference of retinal function between the two eyes. Because of the difficulty in the clinical grading of the fundus in degenerative myopia, the relationship between the EOG and the state of the fundus was indefinite. However, when the average EOG findings in early, moderate, and severe myopia were compared, there was a significant difference between the EOG ratios in early and severe myopia (Table VI) . Although these findings suggest a relationship between the EOG ratio and the degree of degeneration, results from any one patient did not necessarily show this relationship as there was a considerable amount of individual variation.
In order to obtain a normal light-rise in an EOG, four factors at least appear to be required (Arden and Kelsey, 1962 a, b) : functioning rods, functioning pigment epithelium, contact between pigment epithelium and neural layers, and an adequate choroidal blood supply.* A subnormal EOG suggests an abnormality in these regions, and the findings in the myopic patients are in accord with the known pathology of this condition.
Another important finding of this investigation is the sensitivity of the ERG to the retinal damage in degenerative myopia. Our findings are in agreement with those of other authors (Karpe and Rendahl, 1952; Franceschetti and others, 1960; Frangois and de Rouk, 1954) that the b wave is reduced, but only Ponte (1962) has described the negative waveforms found consistently in this survey.
The site of origin of the various components of the ERG is becoming well-established (Brown and Wiesel, 1961; Brown and Watanabe, 1962; Arden and Brown, 1965) and this knowledge helps in interpreting the ERG changes in patients with degenerative myopia. In advanced cases where all the retinal layers are affected by the degenerative process the a and b waves are greatly reduced. In the early and moderate cases the striking finding is the large size of the a wave relative to the b wave; in many cases the b wave appears depressed in amplitude and the a wave increased. However, for the total group, the correlation between the a and b waves is positive, suggesting that both waves are affected by the degenerative process, and this might indicate an early involvement of the receptors. Some support for this hypothesis arises from the studies of chloroquine retinopathy (Arden and Kolb, 1964; Kolb, 1965) where the ERG results show some similarity to the present findings. Chloroquine is said to accumulate in the pigment epithelium and in the receptor cells, and similarly in degenerative myopia the pathological process appears to start * In myopia the second and fourth of these factors are suspect. Certainly in chloroquine retinopathy, where the electrical findings are similar to those in myopia, the pigment epithelium is known to be involved (Kolb, 1965; Meier-Ruge, 1965). in the choroid and pigment epithelium with early involvement of the receptor cells.
This damage to the pigment epithelium and receptors in myopic patients is not the sole cause of the ERG waveforms described, for some cases gave "supernormal" or "negative" ERGs. It appears probable that the ERG changes found in this investigation are the result of a number of pathological processes: vascular insufficiency in the choroid and retina, as shown by narrowing, stretching, and obliteration of some blood vessels; metabolic changes in the pigment epithelium resulting in degeneration of these cells and consequent degeneration of the receptor cells. For any one patient, one or more of these processes may predominate, and this could explain the variation in the findings, and particularly the lack of correlation between the ERG and EOG results.
Dark adaptation was found to be affected in the patients with the most severe degeneration of the retina, and the overall decrease of scotopic sensitivity can be explained by degeneration of large areas of retina. Other authors (Lohman, 1907; Benit, 1927; Braendstedt, 1935; Matthey, 1933; Jayle and Ourgaud, 1950) have related loss of rod sensitivity to the degree of myopic degeneration, but this could not be established in the small numbers in the present study. The absence of the a point has been noted by Jayle and Ourgaud (1950) .
The observation that the EOG ratio in patients with pigmented eyes was different from that in patients with non-pigmented eyes is interesting, but so far we have been unable to explain this difference, particularly as there is no difference in the EOG findings from the normal in albino patients (Gouras and Gunkel, 1963; Kolb, 1965) .
We have attempted to relate the clinical appearance in degenerative myopia to the pathological findings and to the results of the electrical tests, and a provisional scheme for these relationships is presented in Table X . The various electrical tests can, therefore, give us some idea of the overall state of the myopic eye. Whether this information will be of prognostic value is not known, but it appears unlikely that it The main conclusions show that the EOG values are definitely reduced in degenerative myopia. This was confirmed in studies on patients with uniocular myopia. The reduction was to some extent related to the degree of chorio-retinal degeneration and could be explained pathologically by the early involvement of the region of the retinal pigment epithelium in this disease. The ERGs were abnormal in a variety of ways, the most usual being a deep a wave and a reduced b wave, both waves probably being primarily affected. The correlation between the EOG and ERG was not significant. The variation in the ERG results was explained on pathological grounds by the variable proportions of chorio-retinal vascular change, retinal pigment epithelium degeneration and receptor changes found in degenerative myopia. Dark adaptation was abnormal in one-third of cases representing those with the severest clinical changes and therefore with the greatest receptor degeneration.
